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DETAILED ACTION 

Receipt is acknowledged of Applicant's amendment filed on August 09, 2005. 
Claim 13 was canceled. Claims 1-12 and 14-18 are presented for examination. 
Continued Examination Under 37 CFR 1.114 

1 . A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.1 14, and the fee set 
forth in 37 CFR 1 .17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on August 
09, 2005 has been entered. 

Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. Claims 1-12 and 14-18 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Goossen et al.'5, 170,455 in view of Hawkins et al. '5,71 1,890. 
With reference to Figure 3, col. 2, line 48 to col. 4, line 65, Goosen discloses the 
claimed invention except for the micromachining being chemical mechanical polishing. 
Please note that in col. 3, lines 4-6, Goossen suggested that the pillars can be formed 
by micromachining using chemical etching or the like. 
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OPTICAL CONNECTIVE DEVICE BRIEF DESCRIPTION OF THE DRAWING 

FIG. I is a schematic of a prior ait single fiber con- 
TECHNICAL FIELD nect usually identified as the. Columbia Umversity de- 

This invention relates generally to an optical connec- 5 , ie . „w,,>^ „ fa •„ „„ -„ .„„. , m „ 

of optical fibers. weU deagn; 

BACKGROUND OF THE INVENTION FIG. 3 is a schematic of structure in accordance with 

': ' - ' - . ' v » * m « . , , , 10 the principles of the invention of a two plane array 

Currently, optical fibers are used in optical back- optical f3be7connect; and 
planes for computers where the distances being tra- FIO. 4 is an enlarged view of a section of the struc- 
versed is only tens of centimeters. The use of optical tureof FIO; S. 
fibers allows for higher bandwidth operation because „ A _ • 

skin etTect losses associated with metal conductors is is DETAILED DESCRIPTION 

avoided. Thus, h is becoming attractive to develop The drawings are not necessarily to scale and certain 
equipment such as computers and the like in which parts of the drawing have been simplified to aid in dar- 
dirtct cHp-to-chip or board-to-board connections via >ty 6f exposition. 

light ts used; In addition to the high speed, low attenua- Referring to FIG. 1, there is illustrated the prior art 
tion and higher bandwidth possible per channel with an 20 Columbia University design. In this structure, the cladk 
optical coratective device, interference due to electro- ding 10 at the end of a single mode opdeal fiber 12 is 
magnetic energy is eliminated, removed to expose the core 14. The exposed core of the 

Two current optical connective devices which have fll^r is inserted trirpugh an opening 16 m a precision 
been developed are identified in publications as the machined aluimnum guide 18 which is coupled securely 
Columbia Uiuversiiy design and the Honeywell, design. 2 > Vta,er^ ^ 

In the Columbia University design a single mode optical ^ of the fiber projects mto an evening 22 of the cWp 
fiber is occupied to a buried detector via a carefully ? r ^ f ?^?* a *2* J** 

inacbmedaJu^ Sj^^^ 

aw Ur^f»mnii*n a~;<L a rTo« ««t^aT r,K rt « ^ £*"de I* with an adhesive such as epoxy cement 
the Hc^eyweU design, an array of optical fibers are 3D pjq, j jrju^tjates the prior art Hcmeywell design. In 

fSl^^ thisstruct^^^ 

l^ ^l^^^T v S , T ^ of chemically machined grooves 32, each being 

endsof^ oyer detectors a^ed to receive and hold an optical fiber 34. Hie 

m achtp, the ends being beveled to direct light from the cnds 3 * of & optical fibers are held captive by the 

optical fibers to the detectors. 33 grooves which are bevded to perr^ 

The cores of optical fibers arc very fine, their core a fiber to be reflected out at a desiied angle, enviously, 

diameter being less than 15 microns. Obviously, there- if the bevd has an angle of 45V the light will leave the 

fore, the manufacture of current optical connective fiber at an angle of 90* to the axis of the core. The 

devices which requires petitioning an end of an optical Honeywell design can be used to couple an array of 

fiber into a slot or an opening to obtain alignment with 40 optical fibers aligned in a single plane to integrated 

a detector or an optical path on a chip or a board not detectors 38 located along a perimeter of a chip or a 

only required great accuracy, but is usually difficult and board. 

painstaking. Manufacture and assembly of each of the prior art 

Clearly, a need exists for an optical connect for chips optical fiber connects requires a highly skilled worker 

and boards which is economical to construct, has di- 45 They are expensive to construct, and are not practical 

mentions which are dependably accurate, and which for chip-to*chip coupling where it is desirable to have 

permits chips and boards to be more closely coupled to the chips closdy stacked. 

each other. Referring to FIG, 3, there is illustrated structure 40 in 

This invention is directed toward an optical connec- accordance with the principles of this mveiition, In one 

tive device which meets these needs, 50 embodiment of the mvention, a support member 42 

having opposing surfaces 44, 46 supports a first « and 

SUMMARY OF THE INVENTION second 50 array of pillars. The first array of pillars 

This mvention is an optical connective device which consist of discrete pillars 4*A, 48B, 48C . . . 48N; and 

can have a twcKhrnensional array of opdeal fibers. The 5. C A ^^J^ ^J^ ^ m ^ i da ^ c pi ?*" 
device can be comprised of a single piece of light con- 55 

<wtmo mutpnut »t *i*« n \**tif™ t u A VA * cKttt ^ A which project outward from surface 44 are optically 

to have a ,slab support member having pilars which projcct 0 utwar4 from opposing surface 52 Support 
project outward from opposing surfaces. The pilars on mC mber42, pillars 48A 7. Wand^ WA^N 
0O^ opp<^ surfaces are optically aligned with w ^SSCm 

correspoiulmg pflkrs on the other opposing surface. can transrnit c^i energy. Thus, optical energy re- 
^leng^ofapillarcan by ^ ^ ^ wbich -j^JM 

ends of the pillars can be flat or curved to form a lens from surface 48 will be uansmitted through that pOlar 
and each pillar can be accuratdy located to an arbitrary 43^ through the portion of the support member 42 
position. The optical connective device can be sand- 6$ coupled to the end of the pillar 4«N, and then through 
wiched between chips to provide an integrated circuii the pillar SON optically aligned with the pillar 43N 
chtp-tc-chip connective device for a stack of two or which received the optical energy/In this invention, the 
more chips. pillars operate as optical fibers where the lengths of 
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each optical fiber is the length of pillar 48N plus the Pillars whose tips have a diameter of nominally 40, 

length of pillar SON plus the thickness or the support 60, 80 and 100 urn and arrays with center-to-center 

member 41 spacing of 400 and 1000 fun have been fabricated 

In the embodiment of FIG. 3/ the pillars can be The inventive connect device can also be formed by 

formed by micromachming, using either a laser, ion 5 using Lexan TM 6Q-l(tt0 from General Electric. This 

milling, chemical etching, injection molding or the like, method is an optically transmitting plastic which, in 

The term "micromachined" as used herein with respect combination with the ^ injection molding process, forms 

to an array of pillars which project outward from op- a one-piece mol^ 

posing surfaces of a support member, is to be construed jess, fare sbouW be ewrcjsed to insure thrall bubbles 

tomean a structure which is configured using any pro- 10 ^ve been eliminated : ftaJhe4uM.podi^ 

cess which can produce the inventive structure with a Al^ the pillara have been f <^* ™ the «°PP°Tt 

h - v Ju+—» m M^m^A^i oi^m^nv ar^ttrfl/^v number, a wax-bke material can be melted and poured 

high degree ! of mmemional and geometric accuracy. solidify. This wax-like 

Mate^swh,^ m^eriafpro^ 

glasKobU^ ^ ^ ^ . rf fa ^ A* Wpow»-*|-* W* 

Foto^ dimension 

havuig lengths of six hundred microns, diameters of less tion provided it has an mdex of retract which b less 

than forty microns and spacing of less than fifty microns ^ than that of pillar material, if desired die ends of the 

can be achieved using this material. The processed glass opneal fibers can be shaped to form a convex lens by 

is transparent *^ energy. either heating or shaping during the molding process. If 

More specifically, Fotoform material can be pro- the lens is formed during ^ 

ceased to form the inventive device by, first, exposing either concave or convex. 

either one or both surfaces of a plate of Fotoform to 25 Referring to FIG. 4, there is illustrated an enlarged 

ultraviolet (UV) light through a high precision mask. cross section view through a row of pillars 48N, 50N 

The mask forms a desired pattern of UV light on a and support member 42 of FIG. 3 when formed with 

ground and polished surface of a pla te of Fotoform Fotoform material. During the etching process, the acid 

glass. The exposed plate is heat treated to develop the solution first removes the material from the very ends of 

pattern. The areas of the glass that was exposed to the 30 the fibers being formed. Thus, the add solution is in 

UV light becomes a semi-crystalline, glass-ceramic ma- contact with the ends of the fibers for a larger period of 

ferial that is 30 to 50 times more soluble in a dilute time then it is in contact with the base of the fibers 

hydrofluoric acid solution than the nonexposed parts of coupled to the support member 42. As a result, the 

the glass. This solubility differences enables the exposed optical fibers become slightly tapered as illustrated in 

pattern to be differentially etched. 35 FIG 4. In one embodiment, the dimension C, which is 

More specifically, Fotoform has the property that the cemex-to*center sparing of the optiad fibers is 400 

when exposed to ultraviolet light (UV), silver atoms microns; the dimension d, which is the final face diame- 

form crystallization centers in the exposed regions, ter of the optical fiber » 40 microns; the dimension m, 

which during a subsequent heat treatment allow nuclc- which is the mask feature diameter is 100 micron* the 

atkm and growth of lithium metasiiicate crystals. Once 40 dimension L, which is the stub length of the optical 

this heat treatment is completed, the regions which fiber length is 600 microns; and, the diineitsion t, which 

were exposed to UV are 30-40 times more soluble in is the thickness of the support manner, is ^microns, 

dilute hydrofluoric acid than unexposed regions. An If « is assumed that, with Fotoform mat eriaV an area 

optical connective device was formed by exposing a «>f 10 microns is needed for exposure to the UV light, 

plate 16 mm thick to plane-wave UV normally incident 45 ]^ the olosest ^^^^^W ^^^ 1 

through astandard photolithographic mask with small Hbers wh^ can be ob^ is d+2L tan <3^+ 10 mi- 

posed to UV crystallize. The plate is then exposed to ftf ^S£u^ i™™***™ v » u» »v« 

M^W^^.p^i^^ of the crystalled 50 ° Ift C ^^ 

regioittfrottbpth faces leavmg pillars. Slight etching of ^ ^^t^i^^fkMtbtk a layer of etch 
the . non-UV-exposed regions occurs causing the pdiars m 4 ncc g|as$ , h , voM A d between two layers of 
to have M ^n^teta of te pillars have vRrto^^fc^rt^^hii can have a thickness 
the same diameter as the mask disk (d«), and the tip of of 2S0 mkfXm a^ e,*ch sheet of Fotoform can have a 
the fiber has a diameter given by d^d* -0.103x1 > 55 thickness of 600 microns. Therinalbontog or anadhe- 
where 1 is the pillar length. The etch was timed so as to dvc of epoxy or the ja^ ^ ^ to attach the two 
leave a 170 pan thick supporting member. Thus, the sheets of Fotoform to the etch resistant glass* The sand- 
pillars were each approximately 700 u.m long. The re- wich assemblage fe then exposed to UV light, heat 
suiting pillar tips were roughened by the etch, so me- tMfa ted and etched to form the inventive structure. As 
chankal polishing was performed During polishing, notcd above, stnictural siipport niateriaJ suchaswaxor 
the fibers were supported by wax that was melted and thelftecanbei>otrred^ 

flowed between the fibers and allowed to cool. The cal fibers and allowed to harden to prevent the various 

entire fabrication process was performed with negtigi- optical fibers from bending or flexing during subsequent 

ble variations across a 4 x4 inch plate. If desired the end grinding and polishing steps. 

of the pillars can be shaped to have a lens rather than 65 The inventive device disclosed is a simple to con- 
being flat. One method of producing a lens is to heat the struct, zero-assembly, two dimensional optical fiber 
ends of the pillars until the material starts to melt and array connect device. In one embodiment, it is a single 
form a convex shaped lens. piece of glass or plastic in which multimode optical 
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with reference to Figures 4A-4C, Hawkins et al.'890 discloses a method for forming 
cylindrical lens arrays for solid state imager. In col. 6, lines 8-10, Hawkin discloses that 
it is known to have utilized the chemical mechanical polishing to selectively remove 
material from a surface of the workpiece. The inherent advantage of chemical 
mechanical polishing is to provide control over the polishing rate by regulating polishing 
pad pressure, downward forces, and the amount of slurry. 
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FIGS. 6A-6H are schematic cross-sectional views of a substantially Inorganic lens material 139 is preferably a 
solid state imager made in accordance with this invention in transparent substantially inorganic material, and is prefcr- 
which very narrow gaps are present between the convex ably chosen from the group nitride, titanium oxide, and 

cylindrical lenses; and tantalum otxidc and can be deposited by vacuum evaporation 

PlOS. 7Aaffld 7B are schematic cross-sectional views of * *S&^ 

DETAILED DESCRIPTION OF THB 10 to CTtent that Oie iHihsyatttinHy incgganlc teas inaterM 

PREFERRED EMBODIMENTS is removal from the optically flat surface 100a of the 

transparent substantially inn r g af ifo support layer 100 in 

Where parts or elements correspond to FIG. 1, FIGS. 2A regions where no dc^ssio<is 120 were farmed, thereby 

and 2fi, and FIGS* 3A and 3B, toe same numerals will be forming lenses mfcmug optically fiat lens surges 130a 

used. Referring to EKJS. 4A through 4F, a first embodiment The lenses 132 are inverted from the pdor art lenses FIGS, 

of the present invention Is shown in which the lenses are x, 2A and 2B because the topes of lenses 132 are fiat Hie 

cylindrical and me top surface of each lens is optically lenses 132 also differ from prior art lenses of FB3S. 1, 2A 

planar so as to refract light rays at the top surface in the arjd2B because they have an optically flatSTirface, As shown 

manner ejected for an ideal, flat dielectric. The cylindrical m HG. 4B, the original cpticalftr fiat surface 100a may be 

tenses of this embodi^^ _ replanarizcd by the chemical nicchankal polishing to a 

one another. Referring to HG. 4A, a schematic cross- s )ig$ extend -and a new optically flat surface 10(* of the 

sectional view of a semiconductor portion 40 of the solid transparent substantially morgaoic support layer 100 

state imager is shown, A transparent substantially inorganic formed The optically flat tens surfaces 130a of the lenses 

support layer 100, preferably oxide, is deposited over the 132 # e coplanar with the optically flat surface IWi?. When 
active semiconductor portion 40, which serves a stmHar viewed from above, as shown in FIG. 4F, the inverted lenses 

function to lens supporting layer in ETG< 1, in order to 132 lie in a planar array 180 of half cylinders and are 

j*ovideastirlaix spatially substantially contiguous. The planar array 180 is 

surface of me transparent substantially inorganic support shown having cross-section AA and cross-section BB. 

layer 100 Is then planarized, preferably by chemical T\miing now to HGS, 5A 

m e ch a n ical pclisrn^ to fcim an optically flat surface 100a ^ & fa, pK&ot invention is shown which further 

*^ d JTJf of convex cylindrical lenses 

portion Wolaertto Ai p,^,*;.^^ ^ tm> of inverted 

dielectric. cylindrical lenses 132, The use of a single array of cqrjvcs 

Referring again to FH3. 4A, an ctclhstap layer 110, cylinMMknses is we^ 

preferably nitride, is deposited on the optically flat surface 35 for imagers with rAotodiodes whose lerigm and widiii differ 

lOOo. A photoresist layer (not shown) is used to pattern substantially, as taught -for exarrmte by Ishtwra, U.S. Pat 

isolated openings 114 in me etch-stop layer 110 (as shown No. 4^7^092. However, 

in FIG. 4B) in registry with the semiconductor portion 40. have not found wide application in imagers with square 

The location of ar^^ pixels, especialiy for small pixels, 

shown by the dotted lines in top view FIG. 4B. FIGS. 4A and ^ Therefbreyin accordance wifl* the second eanbodiment of 

4B also show bridge sections 126 of the etch-stop layer 110, we invention, a second away of convex cylindrical 

preferably defined in registry with the semiconductor por- lenses 220 is formed oil top of the planar army 180 of 

lion 40 so that the spacing between adjacent bridge sections inverted cyMndrical leos^ 132 (as shown in HG. 5C) The 

116 is the same as the size of the corresponding pixel Bridge direction of the convex cylindrical lenses 220 in the second 

sections 116 serve to anchor adjacent strips of the etch-stop ^ array is substantially perpendicular to the direction of the 

layer lit during subsequent etching of the transparent inverted cyimo^ lenses 132, mat is, peroeaficular to 

substantially inorganic support layer 100 when the etch-stop aoss-section BB and along cioss^ectton AA as shown in 

layer 110 is siibstantially undercut Central regions 118 lie FIG. 4E the convex cylindrical lenses 220 formed on top of 

midway between isolated openings 114 and midway planar array 180 aj^p^^ 

between hddgs sections 116* jo mciganic mat^ 

Refetiing now to HG, 4Cwhichisa cross-section AA of of patterned strips of these materials. A pttf^ 

FIG. 4B, the transparent substantially inorganic support material is a low melting glass with a glass transition 

layer 100 is men subjected to a substantially isotropic etch temperature less than 500 Q G A preferred organic material 

which may be wet or dry, to provide depressions 120. The is corrtprised of a s^ 

depressions 120 are substantially contiguous, touching one 53 example, a polymer selected from the group photoresist, 

another at the optically flat surface 100a raider central polymerJbyl n^th^crylate, 

regions 118 of etch-stop layer 110. The depressions 120 will is well knows in the art 

come dose to touching, for example closer than a few FIGS. 5A through 5C depict cross-section AA of me 
percent of the size of the pixel, but may not quite touch planar array ISO. Referring to FIG. SA, a low melting glass 
under regions 119 (FIG. 4B) of the etch-stop layer 110 & layer 200 is uniformly deposited on the plarm array 180 of 
between horizontally adjacent bridge sections 116, the tso- inverted cylindrical lenses 132. A conventional photoresist 
tropic etch having been slightly retarded by the bridge layer 210 is patterned over the glass layer 200 to form 
n6 > narxowly spaced strips 200a As shown in F1EL SB, me 
Referring now to FIG. 4D, the etch-stop layer 110 is pattern is 0\cn transfers 
removed and a substantially inorganic lens material 130 is « by etching, preferably reactive ion etching, and the photo- 
formed having a refractive index higher than that of the resist layer 210 is removed. The low melting glass layer 200 
: substantially inorganic support layer 100. The is preferably an oxide glass or a sol gel with a glass transition 
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Thus, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the micromachining method of Goossen with a 
chemical mechanical polishing step as taught by Hawkins et al.'890 in order to provide 
control over the polishing rate by regulating polishing pad pressure, downward forces, 
and the amount of slurry to selectively remove the material from the surface 
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